The mutual influence of ligands within the structure of Zn-porphyrins on the thermodynamic stability of the latter was investigated.
Introduction
The influence of the nature of porphyrin and extraligand on the process of formation of extracomplexes of zinc porphyrins in o-xylene was studied by a spectrophotometrical titration method and computer simulation. For the research the following metalloporphyrins were used: zinc 5,15-(parabutyloxyphenyl)-2,8,12,18-tetramethyl-3,7,13,17-tetraethylporphyrin ZnP(I), zinc 5,15-(para-butyloxyphenyl)-2,8,12,18-tetramethyl-3,7,13,17-tetrabutylporhyrin ZnP(II), superimposed zinc porphyrin ZnP(III) and zinc tetraphenylporphyrin ZnP(IV). N-methylimidazole (MeIm), imidazole (Im), pyridine (Py), 3,5-dimethylpyrazole (DMP) and dimethylformamide (DMF) were used as extraligands (L). The strength of Zn-L bonding was noted to be lower within the series of extracomplex stuctures: ZnP(IV) > ZnP(I) > ZnP(II) > ZnP(III). The stability constant (lgK s ) in the case of sterically unhindered complexes was found to increase linearly with the increase of basisity of the extraligand (lgK BH +). For sterically hindered ZnP(I), ZnP(II) and ZnP(III) the values of lgK s and lgK BH + and also lgK s and ∆λ var-ied non-linearly. Geometrical structures was computed by quantum -chemical methods and the energy characteristics of pentacoordinated zincporphyrin complexes were obtained. Correlations were found between calculated values of the interaction energy of the central metal atom with extraligand molecules and the stability of Zn-porphyrin extracomplexes. 
Results and Discussion
The binding of ligands L with Zn-porphyrins in all cases is accompanied by bathocromic shifts and with changes of intensity of the chromophore basic absorption bands ( Figure 2 ). It is our point of view that this is due to the increase of electron density at the zinc cation and at the porphyrin nitrogen atoms.
The growth of a fractional negative charge at N atoms establishes the destabilisation of the a 2u molecular orbital at a 1u . constant level. As a result the configuration interaction of the E u -type excited state decreases, and that is sufficient reason for amplification of the first band in the electronic absorption spectra (EAS) of Zn-porphyrins. The bathochromic shift, probably, is caused by the increase in energy of the a 2u -type MO. During the study complexes ZnP(I), ZnP(II), ZnP(III) were found to have the property of attaching RQHPROHFXOHRI0_,P,P'033\'0))RUZnP(IV) the coordination of two molecules of extraligand is observed only in the case of DMF. K s values obtained, calculated characteristics of geometric structure and energy parameters of molecules of Zn-porphyrins are presented in Tables 1 and 2 . The comparison of the data in Table 1 enables us to estimate the strength of additional ligand binding with Zn-porphyrins and to establish a series for their stability. In the case of formation of extracomplexes of =QSRUSK\ULQVZLWK0_,PDQG,PWKHVHULHVLVZnP(IV) > ZnP(II) ≈ ZnP(I) > ZnP(III). This is explained by the influence of porphyrin ligand nature on the extracoordination process. In the case of ZnP(IV), the electron density withdrawal from the zinc atom by phenyl rings increases its partial positive charge. Hence, the Zn-L bonding becomes stronger. The decrease of the number of phenyl substi- Stability constants of zinc complexes with Py are practically the same (Table 1 ) and the nature of porphyrin ligand, in this case, has practically no influence on the process of extracoordination. The reason of such anomalous behavior of pyridine remains unexplainable. The nature of the extraligand has an effect on the stability of Zn-porphyrin extracomplexes. The strength of Zn-L bonds (Table 2) increases and the K s values of complexes raise (Table 1) Table 2 . Some geometric characteristics of pentacoordinated Zn-porphyrins. Calculated jD \g + values compared with data from literature [14] in most cases is notedto be not more than 10% higher than values of jD \g + (calcul) and jD \g + * (Table 3, Figure 5 ). In our opinion it allows us to use calculated energy of protonation for the evaluation of the basisity of nitrogen-containing compounds. Zn-porphyrin extracomplexes have square-pyramidal coordination structures with the metal atom emerging slightly from the N 4 plane towards the extraligand (Figure 7) . On the basis the data in Table 2 the correlations between an exit of metal from a plane of macrocycle and length of Zn-L bonding are obtained. We found out that in series of nitrogen-containing bases Im > DMP > Py > DMF the length of Zn-Ct in extracomplexes decreases, the stability of Zn-N bonding increases at coordination center (Table 2), the interaction of zinc atom with nitrogen atom of extraligand weakens and as the consequence, the overall stability of the metalloporphyrin is reduced (Table 1) . Thus the cis-effect of ligands within the structure of Zn-porphyrin extracomplexes is shown to be strong. Finally, it is necessary to point out that some dependence is observed between distortion of a macrocycle ( i.e. the size of a coordination cavity) and length of Zn-L bonding. The increase of Zn-L bonding strength causes the increase of steric stresses in the metalloporphyrin (Table 2 ).
Figure 7.
The structure of ZnP(IV) extracomplex with DMF, calculated by the PM3 quantum-chemical method.
Conclusions
On the basis of experimental and calculated data the dependence between the stability of extracomplexes Zn(L)P and the nature of porphyrin and the basicity of additional molecular ligands was obtained.
Correlations between D s values, the magnitude of basic absorption band displacements ∆λ in EAS of metalloporphyrins and calculated bonding energy of zinc atom with nitrogen atom of extraligand (E b ) were found.
Experimental
Zinc complexes with various porphyrin structures (ZnP(I), ZnP(II), ZnP(III), ZnP(IV)) were investigated to systematically study regularities of extracoordination reactions at metalloporphyrins. ZnP(IV) was taken as model compound. The reaction ZnP + Ln = Zn(L) n P was studied at three temSHUDWXUHVDDDQGDIRUZnP (IV)DDDQGDLQ o-xylene, which was chosen because it forms no strong solvate complexes with metalloporphyrins and it is a neutral solvent. Spectrophotometrical titration [1] and computer simulation [2] [3] [4] was used to investigate extra-coordination.
